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Effect Verification of Pure Iron-based Soft Magnetic Thin Wire Applied to
AC Solenoid Parts
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Abstract

Kobe Steel’'s pure-iron-based soft magnetic materials are widely used in direct-current-driven electromagnetic
components, such as linear solenoids and electromagnetic relays in automobiles. With the recent trend toward
electrification, there is a demand for the development of magnetic materials suitable for alternating current
drive. To improve the responsiveness under alternating magnetic fields, the eddy current generated inside the
material must be suppressed. Hence, a pure-iron-based soft magnetic thin wire has been developed to suppress
eddy currents by reducing the wire diameter. The results of effectiveness verification using an alternating
current solenoid component show that a movable iron core made of bundled thin wires with a wire diameter
of approximately 1 mm demonstrates greater stroke volume than the conventional bulk iron core. In addition,
the iron core movement per unit time has been tripled by doubling the frequency and driving with improved
responsiveness. Demand for alternating-current-driven electromagnetic components is expected to increase in
the future, and the application of soft magnetic thin wire will improve their responsiveness.
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Fig.1 Operating frequency range and magnetic flux density
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Fig.3 Electromagnetic field analysis model of AC solenoid
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Table 2 Electromagnetic field analysis conditions

Movable iron core shape D=16.4 mm
Coil turn 364 T
Coil resistance 2.53Q
Yoke material S45C
Movable iron core guide material SUS304
Movable iron core material ELCH2(opposite side=1.2mm)
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Table 1 Magnetic properties and iron loss examples of pure iron-based soft magnetic materials

Magnetic flux density (T) Iron loss
Material B,;s Bs, Bioo (W/kg)
2,500A/m 5,000A/m 10,000A/m Wisso
Hexagonal thin
. 1.65 1.75 1.87 11
wire(d=1.2mm)
Hexagonal thin
. 1.63 1.71 1.84 54
wire(d=0.7mm)
Circle thin wire
1.62 1.73 36
(d=0.4mm)
35A300(JIS) >1.49 >1.60 >1.70 <3.0
50A600(JIS) >1.57 >1.66 >1.76 <6.0
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Fig.5 Distribution of eddy current density inside the movable iron
core after 0.01 s of excitation
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Fig.7 Schematic diagram of AC solenoid
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Fig.8 Displacement of the movable iron core at 15 Hz drive
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Fig.10 Movement amount of the movable iron core per unit time
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